Most analyses of the determinants of HIV infection are performed at the individual level. The recent Demographic and Health Surveys which include results from HIV tests allow studying HIV infection at the level of the cohabiting couple. This paper exploits this feature of the data for Burkina Faso, Cameroon, Ghana, Kenya and Tanzania. The analysis yields two surprising findings about the dynamics of the HIV/AIDS epidemic which have important implications for policy. First, at least two-thirds of the infected couples are discordant couples, i.e. couples where only one of the two partners is infected. This implies that there is scope for prevention efforts among infected couples. Second, between 30 and 40 percent of the infected couples are couples where the female partner only is infected. This is at odds with levels of self-reported marital infidelity by females and with the common perception that unfaithful males are the main link between high risk groups and the general population. This study investigates and confirms the robustness of these findings. For example, even among couples where the woman has been in only one union for ten years or more, the fraction of couples where only the female partner is infected remains high. These results indicate that extramarital sexual activity among cohabiting women, whatever its causes, is a substantial source of vulnerability to HIV that should be, as much as male infidelity, targeted by prevention efforts. Moreover, this paper uncovers several inconsistencies between the sexual behaviors reported by male and female partners, suggesting that, as much as possible, prevention policies should rely on evidence including objectively
I Introduction
The HIV/AIDS epidemic is probably the greatest challenge facing Africa. According to UNAIDS (2005b), in 2005, between 23.8 and 28 .9 million people were infected by HIV/AIDS in Sub-Saharan Africa (this represents around 65 percent of the worldwide total and implies that 7.2 percent of adults living in that region are HIV positive), between 2.1 and 2.7 million died from the virus and between 2.8 and 3.9 million became newly infected.
It is only recently that individual level data including the results of an HIV test have become available for nationally representative samples. Previously, studies of the HIV epidemic were relying either on aggregate data or on HIV status data from nonrepresentative samples or on data from self-reported sexual behaviors. The new wave of Demographic and Health Surveys (DHS) which include HIV status now allows analyzing the socio-economic determinants of HIV infection for nationally representative samples (Akwara et al. 2005; Beegle and Ozler 2006; De Walque 2006; Lachaud 2005) . This study of discordant couples uses an additional feature of the HIV data available in the Demographic and Health Surveys. The data make it possible to look at cohabiting couples (formally married or not) to assess the HIV status of both partners as well as to compare sexual behavior as reported by the man and the woman.
One limitation of the study is that, contrary to the analysis at the individual level, it excludes people who are not in a stable union, since only the characteristics and the HIV status of cohabiting partners can be found in data sets including couples only 1 . But the main advantage of looking at HIV status at the level of the couple is that, even in crosssections, it gives an interesting picture of the dynamics of the HIV/AIDS epidemic. In order to understand how HIV infection is spread and therefore how it can be prevented, it is important to figure out whether, if one partner is infected, the other one is almost always infected. For prevention purposes, it is also useful to investigate through which partner -male or female -the virus is more likely to enter in a couple. This paper will focus on these two questions by analyzing sero-concordance and serodiscordance among cohabiting couples. A couple is described as concordant negative when both partners are HIV negative and concordant positive when both are HIV positive. A discordant couple is a couple where one partner is HIV positive and the other one is HIV negative. I will call "discordant male" a couple where the male is HIV positive, and the female HIV negative and "discordant female" a union where the man is negative and the woman positive. Once an individual is infected, he or she remains HIV positive for life. Anti-retroviral therapies allow treating the disease, but do not cure the infection. It is not possible for somebody to infect someone else without being himself HIV positive. In Africa, transmission of the HIV virus is thought to occur primarily through heterosexual intercourse. Table 1 reports the fraction of couples in each of these four categories in Burkina Faso (2003) , Cameroon (2004) , Ghana (2003) , Kenya (2003) and Tanzania (2003 Tanzania ( -2004 . The second column for each country includes the fraction of concordant positive, discordant male and discordant female among all HIV infected couples, i.e. couples with at least one of the partners who is HIV positive. The very simple statistics in table 1 include two surprising findings which have important consequences for prevention policies.
The first surprise is that, in the five countries, at least two-thirds of the infected couples are discordant couples, i.e. couples where only one of the two partners is HIV. This means that there is scope for prevention among couples, even though this is rarely mentioned as a priority in prevention efforts. For example, a recent policy position paper by UNAIDS, the United Nations agency for AIDS (UNAIDS, 2005a) , mentions the following groups as being "key populations" to whom prevention programs should be specifically targeted: women and girls, youth, men who have sex with men, injecting and other drug users, sex workers, people living in poverty, prisoners, migrant laborers, people in conflict and post-conflict situations and refugees and internally displaced persons. This is a very broad list, but it doesn't mention HIV negative cohabiting partners of HIV positive individuals as a group that should be specially targeted for prevention.
The second surprising result is that, across the five countries, between 30 and 40 percent of the infected couples are discordant female couples where the female partner only is infected. This is at odds with the common perception or assumption in the public and in the HIV/AIDS community that unfaithful males are the main link between high risk groups and the general population. These statements, which are very relevant in many respects, are also examples of the pervasive assumption in the HIV/AIDS community that male infidelity is, by and large, the main culprit for infection among cohabiting couples.
Analyses of HIV discordant couples have mainly been published in the medical literature. Serwadda and others (1995) , Quinn and others (2000) and Gray and others (2001) use data from discordant couples from the same community based study in the Rakai district in Uganda to explore the dynamics of HIV transmission, to measure HIV incidence per person year, the rates of male-to-female and female-to-male transmission and the probability of HIV transmission per coital act. Interestingly, Quinn and others (2000) found that out of 415 discordant couples in their study area, in 228 couples the male partner was HIV positive, while it was the female partner in 187 couples. This ratio of discordant male over discordant female couples is in the range of the ratios reported in Thailand: comparing the rows for concordant positive and for discordant female indicates that in the five African countries, the proportion of discordant female couple is always higher and that therefore certainly more than one half of the married or cohabiting women who are HIV positive have not been infected by their current partner. A similar conclusion can be made for HIV positive men, except in Kenya.
The remainder of the paper will investigate the robustness of the two surprising findings about the large fraction of discordant couples and of couples who are discordant female.
Section II presents the data and the methodology. Section III investigates the fact that the majority of infected couples are discordant while section IV focuses on verifying that the finding on the substantial proportion of discordant female couples is robust. Section V compares discordance in HIV status among couples with discordances in self-reported sexual behaviors. Section VI concludes.
II Data and methodology
The five data sets used are very similar since four of them are standard Demographic and Health Surveys which in addition include HIV testing for a sub-sample of the sample.
The Tanzanian Survey is an HIV/AIDS Indicator Survey (AIS) which also includes HIV testing as well as socio-demographic variables (but those are more limited than in the standard DHS) 2 . However, the HIV prevalence among all adults (not only the cohabiting adults included in the sample in Table 1 ) differs substantially across the five African countries. It is substantially higher in Cameroon (3.9 percent for males, 6.6 percent of females), Kenya (4.6 percent and 8.6 percent), and Tanzania (6.2 percent and 7.6 percent) than in Burkina Faso (1.9 percent and 1.8 percent) and Ghana (1.6 and 2.7 percent). For each of the five countries, I use the couple recode in the survey data. These data sets have been reorganized so that all variables pertaining to a woman and to her male cohabiting partner are assigned to one observation, the couple 3 . Couples include married people as well as people cohabiting but not formally married. The couple recode is then merged with the data set containing the HIV status of the males and females.
It is important to stress that the Demographic and Health Surveys are nationally representative surveys. Previous studies of discordant couples in the medical literature have used non representative samples either because they follow a specific cohort in a particular location (Carpenter and others, 1999; Quinn and others, 2000) or because their sample is a group of pregnant women (Siriwasin and others, 1998) or a group of patients who already know they are HIV positive and are seeking treatment (Carael and others, 1988; N'Gbichi and others, 1995) . In the case of a sample where one of the partners at least is a patient, the proportion of concordant positive couples is usually higher because being a patient implies that the individual is seeking some treatment, therefore that he or Carael and others, 1988 and N'Gbichi and others, 1995) .
However, the sample of these studies was not nationally representative but recruited among patients visiting treatment centers, implying a bias towards concordant positive couples, as suggested in the previous section.
A possible hypothesis to explain why at least two-thirds of the infected couples are discordant might be that once one of the partners is infected the couple uses effective strategies to prevent the infection of the HIV negative partner. If this would be the case, there would be no specific need to target prevention efforts towards HIV negative partners of HIV positive individuals. But unfortunately, behaviors reported in tables 2 and 3 cast serious doubts on this optimistic hypothesis. Tables 2 and 3 are constructed by analogy with table 1, but instead of considering HIV status as the outcome, they focus on self-reported behaviors. I have also extended the analogy for the terminology: concordant negative means that both partners do not report the behavior; concordant positive that both partners report the behavior; discordant male that only the man reports the behavior and discordant female that only the woman does. Section V will investigate discordance in self-reported behaviors among couples more explicitly, but table 2 indicates that at least 88.9 percent (in the case of Burkina Faso) of the cohabiting couples agree that they did not use a condom at their last sexual intercourse. This suggests that preventive behavior among couples is not widespread. Table 2 however reports results for all couples and not only discordant couples. Table 3 shows that there is at least 71.5 percent (in the case of Cameroon) of the couples in which none of the partners has done a voluntary HIV test before the survey 7 . If most of the couples are not aware of their respective HIV status, it is unlikely that the large proportion of discordant couples is due to an effective prevention inside the couple.
It is more likely that the large fraction of discordant couples is due to the fact that once the first partner is infected, this does not automatically imply that the other partner will be infected rapidly. Quinn and others (2000) estimate, in the Rakai study in Uganda, that the HIV incidence rate among 415 initially HIV negative partners of HIV positive individuals was 11.8 per 100 person years. At that rate, it takes several years for a discordant couple to become concordant positive. Obviously, this rate per person year depends on the frequency of sexual intercourse. Using data from the same Rakai study, Gray and others (2001) estimate that the average probability of HIV transmission per coital act is 0.0011.
The fact that a large majority of infected couples are actually discordant (Lesotho, with one the highest HIV prevalence in the world, being an exception) represents an opportunity for prevention. Prevention among couples is not easy given cultural
resistances, but policy makers should be imaginative and increase their prevention efforts towards the partners of individuals who have been identified as HIV positive.
Encouraging, and possibly giving explicit incentives for, joint voluntary counseling and testing might be such a strategy. Couple testing programs have been piloted and have
shown promising results (Kamenga and others, 1991; Allen and others, 1992; Roth and others, 2001; and Allen and others 2003) . One concern is that joint testing could lead to domestic violence, but pilot studies have shown that HIV testing and counseling of couples has beneficial long term effects on HIV-related communications (Van der Straten and others, 1995 and 1998).
IV A substantial fraction of infected couples are "discordant female"
According to table 1, between 30.2 percent (Burkina Faso) and 40.6 percent (Kenya) of infected couples are "discordant female", i.e. couples where the woman is infected and not the man 8 . These results are at odds with the common perception that unfaithful males are the "bridging" population between high-risk groups and the general population. This perception is pervasive in the HIV/AIDS community, as illustrated by the statements quoted in the introduction. These statistics appear also difficult to reconcile with selfreported levels of extra-marital sexual activity among women in union. Table 4 , constructed on the model of tables 2 and 3, displays self-reported levels of infidelity (sexual activity outside marriage or outside a non formal cohabiting union) during the last year. In the first columns for each country, adding the rows for concordant positive and discordant male yields the level of infidelity as reported by men, while adding the rows for concordant positive and discordant female yields levels of self-reported female infidelity. Men are much more likely to report being unfaithful than women. Women in unions are very unlikely to report infidelity in the last year: less than 1 percent in Burkina Faso and Ghana, just above 1 percent in Kenya, just above 3 percent in Tanzania -but compared to 22 percent among males -and close to 4 percent in Cameroon -compared to close to 26 percent among males-. For years, that type of self-reported data has been the only source of information about sexual behaviors in Africa. And based on very low levels of self-reported infidelity among women and such a large discrepancy with the levels of infidelity reported by males, the prevalent model of the HIV epidemic became one where male infidelity is the main factor responsible for transmitting the HIV virus from high risk group to the general population. This paper claims that the substantial fraction of couples, among HIV infected couples, where only the female is infected seriously challenges that prevalent model.
The remainder of this section investigates the robustness of the conclusion that a substantial fraction of HIV infected couples are discordant female. I consider successively several potential explanations which are not related to female infidelity:
greater biological susceptibility to HIV infection among females, HIV infection in a previous marriage or before marriage, polygyny and bias in the coverage of HIV testing in the survey.
First, it is important to realize that most concordant positive couples were, at some point in the past, a discordant couple (only if both partners were HIV positive at the time they started their union, did the couple start as concordant positive). In a cross-section, it is not possible to determine whether a concordant positive couple started as discordant male or discordant female. Studies of discordant couples in the US or in Europe have generally concluded that the rate of male-to-female transmission was higher than the transmission rate from female to male (Royce and others. 1997; Masto and Kitayaporn. 1998; Padian and others. 1991 and Nicolosi and others. 1994) .
However, some studies in an African setting, in rural Uganda, have reported very similar rates for the male-to-female and the female-to-male transmissions. Quinn and others (2000) report that the rate of male-to-female transmission (12.0 per 100 person-years)
was not significantly different from the rate of female-to-male transmission (11.6 per 100 person years). Gray and others (2001) , in the same setting, further report that the probability of transmission per coital act was higher from HIV positive women to their HIV negative partner (0.0013) than in the other direction (0.0009), although the difference was not statistically significant. According to that Ugandan study, there is no biological reason to believe that the majority of concordant positive couples were initially discordant male. However, in another study in Uganda, Carpenter and others (1999) , report that among those with HIV-positive spouses, the HIV incidence of women was twice that of men, leaving this issue unresolved for Africa.
Under the hypothesis that women are more susceptible biologically to be infected, it is likely that a majority of concordant positive couples are couples where the man was infected first. Even if one would make the extreme assumption that all concordant positive couples were previously discordant male, it remains that between 30.2% and 40.6% of infected couples are discordant female, and that is not a negligible fraction. The point of this paper is not to estimate whether men or women are more likely to bring HIV infection into a marriage. It might very well be the case that men are more likely to do so, but the cross-sectional data used do not allow to conclude with certainty. More importantly for prevention policies, however, this paper discusses the unexpected result that a significant fraction of infected couples are couples where only the woman is infected.
One potential explanation for the substantial proportion of infected couples which are discordant female could be that in many of these couples, the woman was infected in a previous marriage or before her marriage. De Walque (2006) shows that having been in successive marriages is an important risk factor for HIV infection, especially for females in Cameroon and Ghana. I investigate this potential explanation in tables 5 and 6. Table 5 investigates discordance in HIV status in couples excluding from the sample all couples where the woman has been in successive unions. for at least ten years in order to verify whether HIV infection before marriage is not the main explanation for the large number of discordant female couples. In the absence of treatment -which was not yet widespread in the countries included in the study-, ten years is the median period between HIV infection and death, so that it is very likely that if a couple is sero-discordant after more than ten years in union, the infection occurred during the union and that its source was sexual activity outside of the union. Because the survey only includes information about the duration of the current union, I have taken only couples in which the woman has only been in one union and for more than ten years. (2006) reports results that suggest that this might be the case in some countries. Table 7 therefore reports discordance in HIV status among couples in non-polygamous unions.
Excluding couples in polygamous unions does not modify the fraction of discordant female couples (between 30 and 40 percent in the five countries) among infected couples. Comparing HIV prevalence for men and women in a cohabiting union in the individual level data set and in the couple level data set is another way to investigate whether there is a bias due to the coverage of HIV testing, potentially aggravated by the fact that studying couples rather than individuals might reinforce that bias. In the couple recode, if one of the partners refuses to be tested, the entire couple is lost as an observation, even if the other partner accepted to be tested. 2.1 percent) and for females in Cameroon (6.2 vs. 5 percent) and for both genders in Tanzania (7.8 vs. 6.9 percent for males and 6.9 vs. 6.1 percent for females) is the HIV prevalence larger when calculated for people in union in the individual recode than from the couple recode. This suggests that looking at couples might slightly underestimate HIV prevalence among married individuals, but there does not seem to be a systemic pattern of bias by which only the HIV prevalence among males would be underestimated and which would therefore inflate the proportion of discordant female couple. 10 The sample size is larger in the individual recode than in the couple recode, especially for women, because the Demographic and Health Survey does not systematically interview the male partners of the interviewed women, but only a sub-sample of them. It is however surprising that in Burkina Faso, for males, the sample size is smaller in the individual recode than in the couple recode.
As a conclusion, the finding that a substantial proportion of HIV infected couples are discordant female appears robust to alternative explanations, with the potential exception of Ghana, an to a lesser extent Tanzania, where HIV infection before marriage and bias due to covering of HIV testing might be concurring -but not alternative -explanations. It therefore seems that this result is difficult to explain without infidelity among married women, even if, as illustrated in table 4, very few women report sexual activity outside their union. This suggests either that extra-marital sex by women in union is more common than reported or that this is a very risky activity. De Walque (2006) reports that married women who engage in extra-marital sex are less likely to use a condom than single women or married men. In both cases, this implies that extramarital sexual activity among cohabiting women, whatever its causes, is a substantial source of vulnerability to HIV that should be, as much as male infidelity, targeted by prevention efforts.
The discrepancy between the substantial fraction of HIV infected couple where only the female is HIV positive and the very low levels of self-reported infidelity among married women also suggests that self-reported sexual behaviors might be particularly prone to bias and that this bias might vary in direction or magnitude according to the gender of the respondent. When an HIV test is taken, it is not possible to lie about one's HIV status. It is much easier to be less accurate about one's sexual life. The next section investigates further how couples diverge in reporting their behaviors.
V Discordance in reported behaviors
Gersovitz (2005) Men are more likely to report using a condom. Similarly , table 11 shown that, while married women are very unlikely to report extra-marital sex during the last 12 months, it is extremely difficult to explain the sizeable fraction (between 30 and 40 percent) of HIV infected couples in which only the woman is HIV positive without 11 Polygyny, however, might be advanced as reason for the discordance in reported behavior. For example, in a polygynous union, when asked about condom use during the last sexual intercourse with their regular partner, the woman will always refer to the same husband, but the man could refer to another wife than the one who is interviewed. The same could happen when males are asked whether they discussed about AIDS with their partner. I have taken this possibility into consideration and I have performed the same analysis as in tables 2 and 11 for non polygamous unions only (following the example of While it would be interesting to confirm them in the forthcoming Demographic and Health Surveys in other African countries, these findings suggest that some prevention efforts should be better targeted.
The first finding is that, in the five African countries under investigation, at least twothirds of HIV infected couples are discordant couples in which only one of the partners is infected. This implies that prevention efforts towards the partners of individuals who have been identified as HIV positive should be a priority. Encouraging joint voluntary counseling and testing might be an important option in that respect.
The second finding is that a substantial proportion of HIV infected couples are discordant female couples in which only the female is infected. This is very much in contradiction with self-reported levels of female infidelity and is at odds with the common perception that unfaithful males are the channel through which HIV gets transmitted from high risk groups to the general population. The paper goes to great lengths to explore other potential explanations that could be the driving force behind that result. But it concludes that the sizeable fraction of discordant female couples is extremely difficult to explain without infidelity among married women. It might be because infidelity is more common than reported, or because, even if infrequent, women are very vulnerable to infection during extra-marital sex, for example, because they are less likely to use condoms than single women and than married men.
The point of this paper is not to play some type of "blame game" where married women would be shown to be equally "guilty" as married men in transmitting the HIV epidemic.
The fact that female marital infidelity can be, in many cases, forced should certainly be kept in mind. But, in any event and whatever its causes, female marital infidelity seems to be an important source of vulnerability to the HIV/AIDS epidemic that should not be ignored and needs to be targeted, as much as male infidelity, in prevention efforts.
The two findings from this paper emerge from a very simple analysis, but an analysis that relies on data that contain results from HIV tests, an objective bio-marker. The contradiction between self-reported female infidelity and the proportion of discordant female couples, as well as the examples of discordance in couples about their reported behaviors, suggest that such self-reported behaviors are likely to be biased and that they should be treated carefully as a source of information for prevention policy. As much as possible, policies should rely on evidence including objectively measured HIV status. (Burkina Faso 2003 , Cameroon 2004 , Ghana 2003 , Kenya 2003 , Tanzania 2003 . The data are weighted with the sample weights given by the data provider. (Burkina Faso 2003 , Cameroon 2004 , Ghana 2003 , Kenya 2003 , Tanzania 2003 -2004 . The data are weighted with the sample weights given by the data provider. Concordant negative means that both partners agree that they did not use a condom at their last sexual intercourse, concordant positive means that both agree they did use one, discordant male means that the man reports using one while the woman reports the contrary, while discordant female describes the opposite case. (Cameroon 2004 , Ghana 2003 , Kenya 2003 , Tanzania 2003 -2004 . The data are weighted with the sample weights given by the data provider. Concordant negative means that both partners have not been tested before the DHS survey, concordant positive means that both have been tested previously, discordant male means that the man reports having been tested before while the woman reports that she has not been tested before, while discordant female describes the opposite case. The data on HIV testing before the survey is not available for women in Burkina Faso and explains why the analysis at the couple level is not possible for that survey. (Burkina Faso 2003 , Cameroon 2004 , Ghana 2003 , Kenya 2003 , Tanzania 2003 -2004 . The data are weighted with the sample weights given by the data provider. Concordant negative means that both partners report that they did not have sex outside of marriage or outside of their cohabiting union during the last year, concordant positive means that both report such sexual activity, discordant male means that the man reports having extramarital sex while the woman does not report it, while discordant female describes the opposite case. (Burkina Faso 2003 , Cameroon 2004 , Ghana 2003 , Kenya 2003 , Tanzania 2003 -2004 . The data are weighted with the sample weights given by the data provider. (Burkina Faso 2003 , Cameroon 2004 , Ghana 2003 , Kenya 2003 , Tanzania 2003 -2004 . The data are weighted with the sample weights given by the data provider. (Burkina Faso 2003 , Cameroon 2004 , Ghana 2003 , Kenya 2003 , Tanzania 2003 -2004 . The data are weighted with the sample weights given by the data provider. (Burkina Faso 2003 , Cameroon 2004 , Ghana 2003 , Kenya 2003 , Tanzania 2003 -2004 . The data are weighted with the sample weights given by the data provider. The reasons for the absence of an HIV test in the survey can be refusal (see table 9 ), absence of the individual or technical problem with the test. Concordant negative means that both partners have a test result, concordant positive means that both don't have a test result; discordant male means that the man has no test result while the woman has one, while discordant female describes the opposite case. (Burkina Faso 2003 , Cameroon 2004 , Ghana 2003 , Kenya 2003 . The data are weighted with the sample weights given by the data provider. Concordant negative means that both partners have not refused to be tested in the DHS survey, concordant positive means that both have refused to be tested; discordant male means that the man refused the test while the woman accepted, while discordant female describes the opposite case. The variable on refusal of the HIV test in the survey is not available in the Tanzania AIS and explains why the analysis at the couple level is not possible for that survey. Sample means with standard errors in brackets. Source: Demographic and Health Surveys (Burkina Faso 2003 , Cameroon 2004 , Ghana 2003 , Kenya 2003 , Tanzania 2003 -2004 . The data are weighted with the sample weights given by the data provider. The couple recode is a data set where a couple is the unit of observation, as opposed to the individual recode where the individual is the unit of observation. (Burkina Faso 2003 , Cameroon 2004 , Ghana 2003 , Kenya 2003 . The data are weighted with the sample weights given by the data provider. Concordant negative means that both partners agree that they never discussed about AIDS, concordant positive means that both agree they discussed about it, discordant male means that the man reports discussing it while the woman reports the contrary, while discordant female describes the opposite case. The variable reporting discussion about AIDS with the partner is not available in the Tanzania AIS and explains why the analysis at the couple level is not possible for that survey.
